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(54) Active energy ray-curable resin composition 

(57) An active energy ray-curable resin composition, particularly an active energy ray-curable coating 
composition, comprising: 

(A) a resin having at least one oxetane functional group and at least one epoxy group in the molecule 

and 

(B) a photo-inducible cationic polymerization initiator. 
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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 

The present invention relates to a novel 
active energy ray-curable resin composition. 
2. Description of the Prior Art 

Active energy ray-curable resin compositions 
having photo- i nduced cationic pol ymer i zabi 1 i ty have 
advantages, for example, in that thei r polymerization 
not affected by oxygen. Therefore, they are finding a 
number of usages such as coating composition and the 
like. They, however, have a drawback in that their 
sensitivity to active energy ray to give rise to photo- 
induced cationic polymerization is inferior to the 
sensitivity of unsaturated groups to active energy ray 
to give rise to photo-induced radical polymerization. 

In order to alleviate the drawback, it was 
attempted to use a resin having an oxetane group* s) as 
crosslinking functional group. This attempt, however, 
is not satisfactory from the standpoint of photosensi- 
tivity. 

5 SUMMARY OF THE INVENTION 

The present inventors made a study in order t 
alleviate the above-mentioned drawbacks of conventional 
active energy ray-curable resin compositions. As a re- 
sult, the present inventors found out that use of a 
resin having oxetane functional groups and epoxy groups 
as crosslinking functional groups gives improved photo- 
sensitivity and resultant higher velocity of photo- 
induced cationic polymerization. The present invention 
has been completed based on the finding. 

According to the present invention there is 
provided an active energy ray-curable resin composition 
compri sing: 
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(A) a resin having, in the molecule, epoxy 
groups and oxetane functional groups represented by the 
following formula (I) 

5 -CH 2 CH 2 

\ / \ 

C O (I) 

/ \ / 

R 1 CH 2 

10 

(wherein R 1 is a hydrogen atom, an al kyl group of 1-6 
carbon atoms, a fluorine atom, a fluoroalkyl group of 1- 
6 carbon atoms, an allyl group, an aryl group, an aral- 
kyl group, a fury! group or a thienyl group), and 
15 (B) a photo-induced cationic polymerization 

i ni ti at o r . 

DETAILED DESCRIPTION OF THE INVENTION 
Resin (A) having oxetane functional groups and epoxy 
groups in the molecule 

The resin composition of the present invention 
is characterized by comprising, as the main resin compo- 
nent, a resin (A) having, in the molecule, oxetane func- 
tional groups represented by the above formula (I) and 
epoxy groups as crosslinking functional groups. 

In the above definition of R 1 of* formula (I), 
" al kyl group of 1-6 carbon atoms" may be a straight- 
chain type or a branched chain type and includes, for 
example, methyl, ethyl, n-propyl, isopropyl, n-butyl, 
isobutyl, sec-butyl, tert-butyl and n-hexyl ; "fluoro- 
alkyl group of 1-6 carbon atoms" is a group obtained by 
substituting at least one of the hydrogen atoms of the 
above alkyl group with a fluorine atom and includes, for 
example, f 1 uo ropropyl , fluorobutyl and t ri f 1 uorop ropy 1 ; 
"aryl group" may be monocyclic or pol ycycl i c and also 
may be an aromatic ring having at least one alkyl group 
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substituent of 1-6 carbon atoms and includes, for exam- 
ple, phenyl, tol uyl , xylyl and naphthyl; and "aralkyl 
group" is an arylalkyl group whose aryl moiety and alky! 
moiety have the above meanings, respectively, and in- 
5 eludes, for example, benzyl and phenethyl. 

Preferable as R 1 is an al kyl group of 1-6, 
particularly 1-4 carbon atoms, such as methyl or ethyl. 

Preferably, the oxetane functional groups are 
present in the side chain(s) or main chain of the resin 
10 (A) via an oxygen-containing bond such as ether bond, 

ester bond, urethane bond or the like or vi a a hydrocar- 
bon chain containing at least one of the above bonds. 

The oxetane functional groups can be present 
in the molecule of the resin (A) in an amount of average 
15 about two or more, preferably average about 2-100, more 
preferably average about 2-50. 

Meanwhile, the epoxy groups can be present in 
the molecule of the resin (A) in an amount of average 
about two or more, preferably average about 2-100, more 
20 preferably average about 2-50. 

The resin (A) is preferably soluble in organic 
solvents generally used in the coating field, or soluble 
or dispersible in aqueous media. Further, the resin (A) 
preferably has a number-average molecular weight of 
25 generally about 300-200,000, preferably about 500- 
100,000, more preferably about 1,000-50,000. 

There is no particular restriction as to the 
type of the resin (A) and there can be used various 
types of resins such as acrylic resin , polyester resin, 
30 polyure thane resin, polyether resin and the like. When 
the resin composition of the present invention is used 
as a coating, the resin (A) is particularly preferably 
an acrylic resin in view of, for example, the weath- 
erability and durability of coating film formed. 
35 The acrylic resin having oxetane functional 

groups of formula (I) and epoxy groups can be produced, 
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for example, by copolymerizing: 

(a) an unsaturated monomer having an oxetane 
group of formula (I) at one end of the molecule and a 
radical pol ymerizable unsaturated group at the other end 
of the molecule, 

(b) an epoxy group-containing acrylic unsatu- 
rated monomer and, as necessary, 

(c) other copol ymerizable radical- 
pol ymeri zabl e unsaturated monomer. 

The oxetane functional group- contai ni ng unsat- 
urated monomer (a) can be produced, for example, by 
reacting a 3- hyd roxymethy 1 oxetane compound represented 
by the following formula (II) 

15 H0-CH 2 CH 2 

\ / \ 

C O (ID 

/ \ / 
R 1 CH 2 

20 

(wherein R has the same definition as given above) with 
an unsaturated compound having, at one end of the mole- 
cule, a complementary functional group supplementally 
reactive with the hydroxy! group of the above formula 
25 (II) but substantially non-reactive with oxetane group, 
for example, an isocyanate group, a lower alkoxy group 
(e.g. methoxy or ethoxy) or a 1 ower a 1 koxyc arbony 1 group 
(e.g. methoxy carbonyl or ethoxy carbon yl ) and, at the 
other end of the molecule, a radical - pol yme ri zabl e 
unsaturated group, for example, an ac ryl oyl group, a 
methacryloyl group or a vinyl group. 

The compound of formula (II), for example, 3- 
ethyl-3-hydroxymethyloxetane can be produced by reacting 
t rimethylol propane with diethyl carbonate to obtain a 
hydroxyl group-containing cyclic carbonate and then sub- 
jecting the carbonate to decarboxylation. 
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The unsaturated compound to be reacted with 
the compound of formula (II) includes, for example, 
(meth)acrylic acid, methyl (me t h ) ac ry 1 ate , isocyanato- 
e thyl ( methjacryl ate, m-i sopropenyl -a , a-di methyl benzyl 
i socyanate, N-methoxymet h yl (met h)acry 1 ami de , N- 
butoxymethyl (meth) acryl ami de , methyl vinyl ether and 
ethyl vinyl ether. 

The epoxy group-containing acrylic unsaturated 
monomer (b) includes, for example, glycidyl (meth ) acryl - 
ate and 3 , 4-e poxycy cl ohex yl me th yl (me th)acr yl ate . 

The radical -polymerizable unsaturated monomer 
(c) copol ymer i zable with the monomers (a) and (b) in- 
cludes, for example, C 1 _ 2 4 alkyl or cycloal kyl esters of 
(meth)acrylic acid, such as methyl (meth) ac ryl ate , ethyl 
(meth) acryl ate, butyl (me th) acryl ate , 2-ethyl hexyl 
(meth)acrylate, cyclohexyl (met h ) ac ry 1 ate and the like; 
C 2-8 h y drox yal kyl esters of (me th) ac r yl i c acid, such as 
2-hydroxyprop yl (me th ) acryl ate , cap ro 1 acton e-modi f i ed 
hydroxyethyl (me t h ) ac ryl a te and the like; carboxyl 
group-containing unsaturated monomers such as (meth)- 
acrylic acid and the like; aromatic vinyl compounds such 
as styrene, a-methy 1 sty rene , vi nyl to! uene and the like; 
fluorine-containing unsaturated monomers such as 
perf 1 uo robutyl ethyl (meth ) aery Vat e , perfluo roi sononyl ^ 
ethyl ( meth)acryl at e and the like; polymerizable amides 
such as (meth )acryl ami de and the like; -and polymerizable 
nitriles such as (me t h ) ac ryl oni t ri 1 e and the like. 
These monomers can be used singly or in combination of 
two or more monomers by appropriate selection depending 
upon the properties desired for the resin formed. 

The c opol ymeri zat i on of the monomers (a), (b) 
and (c) can be conducted by a per se known process, for 
example, solution polymerization, suspension polymeriza- 
tion, emulsion polymerization or bulk polymerization. 
Photo-induced cationic polymerization initiator (B ) 
The photo-induced cationic polymerization 
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initiator (B) used in the present invention is a com- 
pound which generates a cation upon irradiation with an 
active energy ray and initiates cationic polymerization 
of oxetane functional group and epoxy group. It in- 
cludes, for example, the hexafl uoroantimonates (salts), 
pentaf 1 uorohy d roxyan ti monates (salts), hexa fl uoro phos- 
phates (salts), hexafl uor oarsen ates (salts) and other 
photo-induced cationic polymerization initiators repre- 
sented by the following formulas (III) to (XIV): 

Ar 2 I + -X' (III) 

(wherein Ar is an a ryl group, for example, a phenyl 
group; and X" is PFj", SbF { ' or AsFg ' ) , 

Ar 3 S*-X" (IV) 

(wherein Ar and X" each have the same definition as 
g i ven above) , 

(R 2 ) n < v > 

(wherein R is an alky.l group of 1-12 carbon atoms or an 
alkoxy group of 1-12 carbon atoms; n is an integer of 0- 
3 ; and X has the same definition as given above), 



(VI) 




(wherein Y" is PF fi " , SbFg ~ , AsF^ ~ or SbF 5 (0H)~).. 
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<°K / — \ /7A /<2> 

« — ^0)-s-(0)-s'f w . 2 x- 

5 

(wherein X has the same definition as given above), 

<0>-c-ch s -s-(^.x- 

(wherein X has the same definition as given above), 

15 




Fe* -X- (IX) 
•CH(CH,) S 



20 

(wherein X has the same definition as given above), 

R 4 
3 I 

25 | (X) 

R 5 

(wherein R i s an a ral kyl group of 7-15 carbon atoms or 
an alkenyl group of 3-9 carbon atoms; R 4 is a hyd rocar- 
30 bon group of 1-7 carbon atoms or a hy d roxyp henyl group; 
R is an alkyl group of 1-5 carbon atoms which may 
contain an oxygen atom(s) or a sulfur atom(s); and X" 
has the same definition as given above), 

35 C1 3C,N^ CC1 3 

cci 3 
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SOa -CH a — (O>~N0 a 



(XII ) 



(wherein R and R 7 are each independently an alky! group 
of 1-12 carbon atoms or an alkoxy group of 1-12 carbon 
atoms) , 




SO, -CH*-(O>-N0 2 



(XIII) 




(XIV) 



6 7 

(wherein R and R each have the same definition 
g i ven a bove) , 



as 




so,- 



(XV) 
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O 0-CH 3 

oVc-c-CHs-o-s o 2 — /qVch 3 




(XVI) 



5 




NO* 



CH 2 -0-S0 2 VoVcH 3 




(XVII) 



The photo-induced cationic polymerization 



initiator (B) is available as commercial products. Such 
products include, for example, Cyracure UVI -6970 , 
Cyracure UVI-6974 and Cyracure UVI-6990 (these are 
products of Union Carbide Corporation of U.S.), I rgacure 
2 64 (a produc t of Ciba Geigy Co . ) -.and CIT-1 682 (a prod- 
uct of Nippon Soda Co., Ltd.). 



compounds having he xaf 1 uo rophos pha te anion (PF ~ ) are 
preferred in view of the toxicity, general-purpose 



initiator (B) can be used in an amount of generally 
0.01-20 parts by weight, preferably 0.05-15 parts by 
weight, more preferably 0.1-10 parts by weight per 100 
parts by weight (as solid content) of the resin (A). 
Resin composition 



can be prepared by uniformly mixing the resin (A) and 
the initiator (B) as necessary in the presence of a 
solvent or a dispersing agent. As the solvent or the 
dispersing agent, there can be used the same polymeriza- 
tion solvent as used in production of the resin (A) or 
other solvent. Specific examples thereof are hydrocar- 
bon type solvents such as hexane, heptane, octane and 



Of the above-mentioned cationic initiators, 



applicability, etc. 



The photo-induced cationic polymerization 



The resin composition of the present invention 
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the like; hal ogenated hydrocarbon type solvents such as 
dichloromethane, chloroform and the like; alcohol type 
solvents such as methanol, ethanol , i sopropanol and the 
like; ether type solvents such as diethyl ether, 
dipropyl ether, cellosolve, diethylene glycol monobutyl 
ether and the like; ketone type solvents such as ace- 
tone, methyl ethyl ketone, cycl ohexan one and the like; 
and ester type solvents such as ethyl acetate, 2- 
ethylhexyl acetate and the like. 

The resin composition of the present invention 
may further comprise, as necessary, a monomeric oxetane 
compound, for example, a compound of the above formula 
(II) such as 3-ethy 1-3-hydroxymethyl oxetane , 3-butyl-3- 
hydroxymethyl oxetane or the like. The amount of the 
monomeric oxetane compound used is preferably 50 parts 
■by weight or less, particularly 20 parts by weight or 
less per 100 parts by weight (as solid content) of the 
r esi n ( A) . 

The present resin composition may furthermore 
comprise, as necessary, a reactive diluent such as 
polyepoxide, polyol or the like. 

The present resin composition can be prefera- 
bly used, for example, as a coating composition. In 
that case, the present composition can further comprise, 
as necessary, various additives such as pigment (e.g. 
coloring pigment, extender pigment and rust-preventive 
pigment), f 1 u i di ty- con t ro 1 1 i ng agent (e.g. silicone and 
polyamide), ultraviolet absorber, antisagging agent, 
thickening agent and the like, in amounts used ordi- 
narily. 

The coating composition of the present inven- 
tion comprising the resin (A) and the photo-induced 
cationic polymerization initiator (B) is coated or 
printed on a base material (substrate) and can be cured 
by irradiation with an active energy ray. 

The coating or printing can be conducted by an 
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ordinary coating or printing means such as spray coat- 
ing, brush coating, roller coating, dip coating, screen 
printing or the like. The preferable "as dried" thick- 
ness of the film formed is generally about 1-100 \x. 
5 The active energy ray used for irradiation 

includes an ultraviolet light and an electron beam. The 
irradiation with an ultraviolet light can be conducted 

at a wavelength of about 200-400 nm at a dose of about 
2 

1 0-3,000 mj/cm The irradiation with an electron beam 

10 can be conducted at 2-3 Mrad. 

The resin composi tion of the present invention 
has excellent active energy ray-curability and can be 
used in applications such as coating, ink, press plate 
material, photoresist, sealing agent, surface treating 

15 agent and the like. 

EXAMPLES 

The present invention is hereinafter described 
specifically by way of Examples. In the Examples, parts 
20 and % are by weight. 

Production Examples 1-8, Comparative Production Examples 
1 -2 

In a 3-liter four-necked flask equipped with a 
stirrer, a cooler and a dropping funnel were placed 350 
parts of xylene and 100 parts of n-butanol. The flask 
contents were heated to 1 00°C . Then, from the dropping 
funnel was dropped, in 3 hours, a solution of 15 parts 
o f azob i si sob uty ron i t ri 1 e dissolved in a monomer mixture 
having a composition shown in Table 1. After the drop- 
Ping, aging was conducted for 1 hour. Thereto was 
dropwise added, in 1 hour, a solution of 5 parts of 
azobi sd imethy 1 val eroni tri 1 e dissolved in 50 parts of xy- 
lene to give rise to a reaction. After the reaction, 
the resulting resin solution was poured into 5 liters of 
cold methanol ; the mixture was filtered through a silk 
cloth; the material on the cloth was dried in a vacuum 
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drier for 24 hours to obtain white resin powders (A-1 ) 
to (A-10). Each resin obtained was measured for number- 
average molecular weight and number of each functional 
group in molecule by gel permeation chromatography. The 
results are shown in Table 1. 
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Examples 1-9 and Comparative Examples 1-2 

100 parts of each of the resin powders (A-1 ) 
to (A-10) obtained in Production Examples 1-8 and Com- 
parative Production Examples 1-2 was dissolved in 30 
parts of Cell oxide 2021 (trade name) (a pol yepoxi de 
reactive diluent produced by Daicel Chemical Industries, 
Ltd.)- The resulting solution was mixed with the fol- 
lowing photo- i nduced cationic polymerization initiator 
(B-1) or (B-2) in the proportions shown in Table 2, to 
obtain active energy ray-curable coating compositions of 
Examples 1-9 and Comparative Examples 1-2. 

(B-1): Cyracure UVI-6970 (trade name) (a 

product of Union Carbide Corporation 
(B-2): Irgacure 264 (trade name) (a product 

of Ci ba Gei gy Co . ) 
Each of the active energy ray-curable coating 
compositions of Examples 1-9 and Comparative Examples 1- 
2 was applied on a glass plate by flow coating, so as to 
form a film of about 30 y in thickness as dried. The 
film was irradiated with an ultraviolet light emitted 
from a high-pressure mercury lamp, at various doses to 
obtain various cured films. The surface of each of the 
cured films was rubbed back and forth ten times with a 
three-layered gauze impregnated with xylene, after which 
the surface was observed. For each coating composition, 
the minimum ultraviolet dose (mj/cm 2 ) which gave no 
abnormality (e.g. no scar or no solvent wash) in coating 
film, was shown in Table 2 as "minimum ultraviolet 
dose". 
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CLAIMS 

1. An active energy ray-curable resin composition 
comprising: 

(A) a resin comprising at least one epoxy 
5 group and at least one oxetane functional group represented 
by the following formula (I) 

— C H 2 C H 2 

c o (» 

.0 / \ / 

R 1 CH 2 

wherein R 1 is a hydrogen atom, a C 2 . 6 alkyl group, a fluorine 
atom, a C x _ s fluoroalkyl group, an ally 1 group, an aryl 
group, an aralkyl group, a furyl group or a thienyl group, 
5 and 

(b) a photo- inducible cationic polymerization 
initiator. 

2. A composition according to claim 1, wherein R 1 
is a alkyl group. 

0 3. A composition according to claim 1 or 2, 

wherein the resin (A) comprises an average of from 2 to 100 
oxetane functional groups and an average of from 2 to 10 0 
epoxy groups. 

4. A composition according to any preceding claim, 
5 wherein the resin (A) is sin acrylic resin having a number- 
average molecular weight of from 300 to 200,000. 

5. A composition according to any preceding claim, 



- 17 - 

wherein the polymerization initiator (B) is chosen from 
compounds of the following formulae (III) to (XVII) : 

Ar 2 I*.X- (III) 
wherein Ar is an aryl group, for example, a phenyl group ; 
5 and X" is PF 6 ', or AsF 6 or AsF 6 ", 

Ar 3 S*.X- (IV) 
wherein Ar and X" are as defined above, 



10 (R 2 ) r 




(V) 



15 



(VI) 



20 



25 



wherein R 2 is a C x . 12 alkyl group or a alkoxy group; n 

is from 0 to 3; and X" is as defined above, 

^)s.^>-s^O>.v- 

wherein Y" is PF 6 ", SbF 6 ", AsF 6 " or SbF s (0H)', 

<^>\ s ._y5V s Vo^ s ./^>. 2 x- 

wherein X" is as defined above , 

/o) 

/oS-c-ch»-s- { — -x- 



(VII) 



(VIII ) 



- 18 - 

wherein X" is as defined above, 




Fe* 



x- 



CH (CH 3 ); 



wherein X" is as defined above, 



(IX) 



10 



R J - 



R 
I 

I 

«5 



(X) 



wherein R 3 is a C 7 . 1S aralkyl group or a C 3 . 9 aikenyl group; 
R 4 is a Cj. 7 hydrocarbon group or a hydroxyphenyl group; R s 
15 is a Ci.g alkyl group which may contain an oxygen atom(s) or 
a sulfur atom(s); and X" is as defined above, 



(XI) 



20 



CC1- 




SO, -CH a -(O)-N0 



(XII ) 



25 wherein R 6 and R 7 are each independently a C^.^ alkyl group 
or a Ci.xj alkoxy group, 



- 19 - 



NH 

Ojfo) CXIII) 

S0 3 -CH a -^0^-NO: 





(XIV) 

10 

wherein R 6 and R 7 are each independently as defined above, 
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(XV) 



0 0-CH 3 

1 I 



20 



(O^C - C - C Ha - O - S O a -^O^-C H, 



(XVI) 



(of 

CH 4 -0-SOa-(0>-CH 3 (XVII) 
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6. A composition according to any preceding claim, 
wherein the proportion of the resin (A) is 100 parts by 
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weight (as solid content) and the proportion of the 
polymerization initiator (B) is from (KOI to 20 parts by 
weight . 

7. A composition according to claim 6, wherein the 
5 proportion of the resin (A) is 100 parts by weight (as 

solid content) and the proportion of the polymerization 
initiator (B) is from 0.05 to 15 parts by weight. 

8 . A composition according to any preceding claim, 
further comprising a monoxetane compound. 

10 9. An active energy ray-curable coating 

composition comprising a composition according to any 
preceding claim, 

10 . A coated article obtained by applying a 
composition according to claim 9 onto a material to be 

15 coated. 

11. An active energy ray-curable resin composition 
according to any of claims 1 to 8, substantially as 
described in any of Examples 1 to 9. 

12. An active energy ray- curable coating 

2 0 composition according to claim 9, substantially as 
described in any of Examples 1 to 9. 

13. A coated article according to claim 10, 
substantially as described in any of Examples 1 to 9 . 
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